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(57) Abstract 

The invention relates to a 
rotating electric machine having 
a stator (1) with windings drawn 
through slots (5) in the stator. Ac- 
cording to the invention the wind- 
ings ccHisist of high-voltage cable 
(6), the cable lead-throughs l)eing 
surrounded by a casting compound 
in each slot (5). The invention also 
relates to a method in die manufac- 
ture of such a machine in which 
the stator is first wound with high- 
voltage cable, after which a cast- 
ing compound in fluid or semi-fluid 
state is introduced into the slot. 
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ROTATING ELECTRICAL MACHINE COMPRISING HIGH-VOLTAGE WIND- 
ING AND CAST COMPOUND SUPPORTING THE WINDING AND METHOD 
FOR MANUFACTURING SUCH MACHINE. 

The present invention relates in a first aspect to a 
5 rotating electric machine of the type described in the 
preamble to claim 1, e.g. synchronous machines, normal 
synchronous machines as well as dual -fed machines, 
applications in asynchronous static current converter 
cascades, outerpole machines and synchronous flow 
10 machines. 

A second aspect of the invention relates to a method of 
the type described in the preamble to claim 10. 

15 In the present application the terms "radial", "axial" 
and "peripheral" constitute indications of direction 
defined in relation to the stator of the machine unless 
expressly stated otherwise. The term "cable lead- 
through" refers in the application to each individual 

20 length of the cable extending through a slot. 

The machine is intended primarily as a generator in a 
power station for generating electric power. The 
machine is intended to be used at high voltaiges. High 
25 voltages shall be understood here to mean electric 
voltages in excess of 10 kV. A typical operating range 
for the machine according to the invention may be 3 6 tp 
800 kV. 

30 Similar machines have conventionally been designed for 
voltages in the range 6-30 kV, and 3 0 kV has normally 
been considered to be an upper limit. This usually 
implies that a generator is to be connected to the 
power network via a transformer which steps up the 
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voltage to the level of the power network, i.e. in the 
range of approximately 100-400 kV. 

By using high-voltage insulated electric conductors, in 
5 the following termed cables, with solid insulation 
similar to that used in cables for transmitting 
electric power in the stator winding (e.g. XLPE cables) 
the voltage of the machine may be increased to such 
levels that it may be connected directly to the power 
10 network without an intermediate transformer. XLPE = 
Cross -linked polyethylene . 

This concept generally implies that the slots in which 
the cables are placed in the stator be deeper than 
15 conventional technology (thicker insulation due to 
higher voltage and more turns in the winding) dictates. 
This entails new problems with regard to cooling, 
vibrations and natural frequencies in the region of the 
coil ends, teeth and winding. 

20 

Securing the cable in the slot is also a problem - the 
cable is to be inserted into the slot without its 
outer layer being damaged. The cable is subjected to 
currents having a frequency of 100 Hz which cause a 
25 tendency to vibration and, besides manufacturing 
tolerances with regard to the outer diameter, its 
dimensions will also vary with variations in 
temperature (i.e. load variations). 

30 Although the predominant technology when supplying 
current to a high- voltage network for transmission, 
sub-transmission and distribution, is to insert a 
transformer between the generator and the power network 
as mentioned in the introduction, it is already known 

35 to endeavour to eliminate the transformer by generating 
the voltage directly at the level of the network. Such 
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a generator is described in US-4 429 244, US-4 164 672 
and US-3 743 867. 

It is considered possible to manufacture coils for 
5 rotating machines with good results up to a voltage 
range of 10-20 kV. 

Attempts at developing a generator for voltages higher 
than this have been in progress for some time, as is 

10 evident from "Electrical World", October 15 1932, pages 
524-52 5, for instance. This describes how a generator 
designed by Parson 192 9 was constructed for 3 3 kV. A 
generator in Langerbrugge , Belgium, is also described 
which produced a voltage of 3 6 kV. Although the 

15 article also speculates on the possibility of 
increasing the voltage levels, development of the 
concepts upon which these generators were based ceased. 
This was primarily due to deficiencies in the 
insulating system where several separate layers of 

20 varnish- impregnated mica foil and paper were used. 

Certain attempts at lateral thinking in the design of 
synchronous generators are described in an article 
entitled "Water-and-oil -cooled Turbogenerator TVM-3 00" 
25 in J. Elektrotechnika, No. 1 1970, pages 6-8 of 
US 4,429,244 "Stator of generator" and in Russian 
patent specification CCCP Patent 955369, 

The water-and-oil-cooled synchronous machine described 
30 in J. Elektrotechnika is intended for voltages up to 
20 kV. The article describes a new insulation system 
consisting of oil/paper insulation which enables the 
stator to be completely immersed in oil . The oil may 
then be used as coolant at the same time as 
35 constituting insulation. A dielectric oil -separating 
ring is provided at the internal surface of the core to 
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prevent oil in the stator from leaking out towards the 
rocor. The stator winding is manufactured from 

conductors having oval, hollow shape, provided with oil 
and paper insulation. The coil sides with the 

5 insulation are retained in the slots with rectangular 
cross-section by means of wedges. Oil is used as 
coolant both in the hollow conductors and in cavities 
in the stator walls. However, such cooling systems 
necessitate a large number of connections for both oil 
10 and electricity at the coil ends. The thick insulation 
also results in increased radius of curvature of the 
conductors which in turn causes increased size of the 
coil overhang. 

15 The above-mentioned US patent relates to the stator 
part of a synchronous machine comprising a magnetic 
core of laminated plate with trapezoid slots for the 
stator winding. The slots are stepped since the need 
for insulation of the stator winding is less in towards 

20 the rotor where the part of the winding located closest 
to the neutral point is situated. The stator part also 
includes a dielectric oil -separating cylinder nearest 
to the inner surface of the core . This part could 
increase the excitation requirement in comparison with 

25 a machine lacking this ring. The stator winding is 
manufactured from oil -saturated cables having the same 
diameter for each layer of the coil . The layers are 
separated from each other by means of spacers in the 
slots and secured with wedges. Characteristic of the 

30 winding is that it consists of two "half -windings" 
connected in series. One of the two half -windings is 
situated centrally inside an insulating sheath. The 
conductors of the stator winding are cooled by 
surrounding oil . A drawback with so much oil in the 

35 system is the risk of leakage and the extensive 
cleaning-up process which may result from a faulty 
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condition. The parts of the insulating sheath located 
outside the slots have a cylindrical part and a conical 
screening electrode whose task it is to control the 
electrical field strength in the area where the cable 
5 leaves the plate. 

It is evident from CCCP 955369 that in another attempt 
at increasing the rated voltage of a synchronous 
machine, the oil -cooled stator winding consists of a 

10 conductor with insulation for medium-high voltage, 
having the same dimension for all layers. The 
conductor is placed in stator slots in the shape of 
circular, radially situated openings corresponding to 
the cross-sectional area of the conductor and the 

15 necessary space required for fixation and cooling. 
The various radially located layers of the winding are 
surrounded and fixed in insulating tubes. Insulating 
spacer elements fix the tubes in the stator slot. In 
view of the oil cooling, an inner dielectric ring is 

20 also required here to seal the oil coolant from the 
inner air gap. The illustrated construction shows no 
stepping of either insulation or stator slots. The 
construction shows an extremely narrow, radial waist 
between the various stator slots, entailing a large 

25 slot leakage flow which greatly affects the excitation 
recfuirements of the machine. 

In A report from the Electric Power Research 
Institute, EPRI, EL-3391, from April 1984 an exposition 

30 is given of the generator concept in which a higher 
voltage in an electric generator is achieved with the 
object of connecting such a generator to a power 
network without inteirmediate transformers. The report 
deems such a solution profitable in its being 

35 effective and financially advantageous . The main 
reason that it was considered possible in 1984 to 
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stare developing generators for direct connection to 
the power network was that by that time a 
superconducting rotor had been developed. The 
considerable excitation capacity of the superconducting 
5 field makes it possible to use air-gap windings with 
sufficient thickness to withstand the electric 
stresses . 

By combining the construction of an excitation circuit, 

10 the most promising concept of this project, with 
winding, a so-called "monolith cylinder armature", a 
concept in which two cylinders of conductors are 
enclosed in three cylinders of insulation and the whole 
structure is attached to an iron core without teeth, it 

15 was deemed that a rotating electric machine for high 
voltage could be directly connected to a power network. 
This solution implies that the main insulation is to 
be made sufficiently thick to withstand network-to- 
network and network-to-earth potentials. Besides it 

20 requiring a superaconducting rotor, an obvious drawback 
with the proposed solution is that it requires a very 
thick insulation, thus increasing the size of the 
machine. The coil ends must be insulated and cooled 
with oil or freones in order to direct the large 

25 electric fields into the ends. The whole machine is to 
be hermetically enclosed to prevent the liquid 
dielectric medium from absorbing moisture from the 
atmosphere . 

30 The present invention is related to the above-mentioned 
problems associated with avoiding damage to the surface 
of the cable upon insertion into the stator slots and 
avoiding wear against the surface caused by vibration 
during operation. The slot through which the cable is 

35 inserted is relatively uneven or rough since, in 
practice it is extremely difficult to control the 
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position of the laminated plates sufficiently exactly 
to obtain a perfectly uniform surface. The rough 
surface has sharp edges which may shave off parts of 
the semiconductor layer surrounding the cable. This 
5 leads to corona and break-through at operating voltage. 

When the cable is placed in the slot and adequately 
clamped there is no risk of damage during operation. 
Adequate clamping implies that forces exerted 
10 (primarily radially acting current forces with double 
mains frequency) do not cause vibrations that cause 
wear on the semiconductor surface. The outer 

semiconductor is to thus be protected against 
mechanical damage during operation. 

15 

During operation the cable is also subjected to thermal 
loading so that the XLPE material expands . The 
diameter of a 145 kV XLPE cable, for instance, 
increases by about 1 . 5 mm at an increase in temperaiture 
20 from 2 0 to 7 0°. The cable must therefore be allowed 
the necessary space due to thermal expansion. 

Against this background the object of the present 
invention is to solve the problems associated with 

25 achieving a machine of the type under consideration so 
that the cable is not subjected to mechanical damage 
during operation as a result of vibrations, and which 
permits thermal expansion of the cable. Achieving this 
would enable the use of cables that do not have a 

30 mechanically protecting outer layer. In such a case 
the outer layer of the cable would consist of a thin 
semiconductor material which is sensitive to mechanical 
damage . 

35 According to a first aspect of the invention this has 
been solved by giving a machine, of the type described 
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in the preamble to claim i, the special features 
defined in the characterizing part of this claim. 

Thanks to the casting compound, the high-voltage cable 
5 will be secured along its length so that the vibration 
problems are reduced. It can then be ensured that the 
vibrations do not generate natural frec[uencies in 
certain critical frequency ranges. Natural frequencies 
of 100 Hz should particularly be avoided. 

10 

Thanks to the specially designed solid insulation, the 
machine may be used for very high voltages. 

According to a preferred embodiment of the invention at 
15 least one semiconducting layer has a coefficient of 
thermal expansion equivalent to that of the 
intermediate solid insulation. Defects, cracks and the 
like are thus avoided upon thermal movement of the 
cable . 

20 

The invention is primarily intended for use with, and 
its advantages become particularly apparent in 
connection with, a high-voltage cable built up of an 
inner core having a plurality of strand parts, an inner 
25 semiconducting layer, an insulating layer surrounding 
this and an outer semiconducting layer surrounding the 
latter, a cable in particular having a diameter of 
20-200 mm and a conducting area of 40-3000 mm^ , 

30 With such cables the application thus constitutes 
preferred embodiments of the invention. 

In a preferred embodiment of the invention the casting 
compound is resilient. It may thereby allow space 
35 for the thermal expansion of the cable during 
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operation, without the compound being plastically 
deformed . 

In an efficient embodiment, expedient from the 
5 manufacturing point of view, resilience is achieved by 
the compound containing gas bubbles . 

In a preferred embodiment the compound consists of 
silicon or polyurethane compound which have properties 
10 suitable for the purpose of elasticity and of being 
able to produce pores . 

The slots should be provided with sealing members at 
one or both end surfaces of the stator in order to 
15 prevent the casting compound from leaking out before it 
has solidified. 

The above and other advantageous embodiments of the 
machine according to the invention are defined in the 
20 sub-claims to claim 1. 

In a second aspect of the invention the purpose is 
achieved by giving a method of the type described in 
the preamble to claim 10 the special features defined 
25 in the characterizing part of this claim. The method 
expediently enables the achievement of the desired 
casting compound around the cables in the slots. 

According to a preferred embodiment of the invention a 
30 casting compound is introduced that has the property of 
solidifying after a while, preferably while producing 
gas pores. A desired elasticity can thus easily be 
achieved in the casting compound, 

35 In a preferred embodiment the slots are also provided 
with sealing members arranged at the end surfaces of 



wo 97/45939 



10 



PCT/SE97/0a909 



the stator. The risk is therefore avoided of the 
compound leaking out axially during insertion. 

In another preferred embodiment the compound is 
5 injected into each slot through a radial injection 
opening into the inwardly directed sheath surface, 
communicating with a radial duct that communicates with 
the slot. 

0 The above and other advantageous embodiments of the 
method according to the invention are defined in the 
sub-claims to claim 10, 

The invention will be explained in more detail in the 
following description of preferred embodiments, with 
reference to the accompanying drawings in which; 

Figure 1 shows schematically an end view of a sector of 
the stator in a machine according to the invention. 

Figure 2 shows a cross-section through a cable used in 
the machine according to the invention. 

Figure 3 shows a radial section through a detail of the 
stator in a machine according to the invention. 

Figure 4 shows a partial section along the line IV- IV 
in Figure 3 . 

In the axial view shown schematically in Figure 1 
through a sector of the stator 1 of the machine, its 
rotor is designated 2 . The stator is composed in 
conventional manner of a laminated core of sheet steel - 
The figure shows a sector of the machine, corresponding 
to one pole division. From a yoke portion 3 of the 
core situated radially outermost, a number of teeth 4 



wo 97/45939 



11 



PCT/SE97/00909 



extend radially in towards the rotor 2 and are 
separated by slots 5 in which the stator winding is 
arranged. The cables 6 in the windings are high- 
voltage cables which may be of substantially the same 
5 type as high-voltage cables used for power 
distribution, so-called XLPE cables. One difference is 
that the outer mechanically protective sheath and the 
metal screen that normally surround such a cable have 
been eliminated. The cable thus comprises only the 
10 conductor, an inner semiconducting layer, an insulating 
layer and an outer semiconducting layer. The 
semiconducting layer, sensitive to mechanical damage, 
is thus exposed on the surface of the cable. 

15 In the drawings the cables 6 are illustrated 
schematically, only the conducting central part of the 
cable lead- through or coil side being filled in. As 
can be seen, each slot 5 has varying cross section with 
alternating wide parts 7 and narrow parts 8. The wide 

20 parts 7 are substantially circular and surround cable 
lead-throughs , and the waist parts between these form 
narrow parts 8. The waist parts ser^e to radially 
position each cable lead-through. The cross-section of 
the slot as a whole also becomes slightly narrower in 

25 radial direction inwards. This is because the voltage 
in the cable lead-throughs is lower the closer they are 
situated to the radially inner part of the stator. 
Slimmer cable lead-throughs can therefore be used here, 
whereas increasingly coarser cable lead-throughs are 

30 required further out. In the example illustrated 
cables of three different dimensions are used, arranged 
in three correspondingly dimensioned sections 9. 10, 11 
of the slots 5 . 

35 Figure 2 shows a cross-sectional view of a high-voltage 
cable 6 according to the present invention. The high- 
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voltage cable 6 comprises a number of strand parts 31 
made of copper (Cu) , for instance, and having circular 
cross-section. These strand parts 31 are arranged in 
the middle of the high-voltage cable 6. Around the 
5 strand parts 31 is a first semiconducting layer 32. 
Around the first semiconducting layer 32 is an 
insulating layer 33, e.g. XLPE insulation. Around the 
insulating layer 3 3 is a second semiconducting layer 
34. The concept "high-voltage cable" in the present 
10 application thus need not include the metal screen and 
the outer protective sheath that normally surround such 
a cable for power distribution. 

Figure 3 is a radial section through the radially inner 
15 part of a slot, the section being taken through one end 
plate 15 of the stator. A channel 12 runs along one 
wall of the slot 5 in the end plate. It extends along 
the whole radial extension of the slot and is open 
towards the slot so that it communicates with all the 
20 intermediate spaces formed between the cable lead- 
throughs. The slot 5 and channels 12 are filled with 
foamed silicon or polyurethane compound in which the 
gas pores take up approximately 50-60 % of the volume 
of the compound. The cable 6 is thus firmly secured in 
25 the slot 5 and its thermal expansion may be absorbed 
by the compound which, thanks to the pores, is 
resilient. 

Figure 4 is a section along the line IV- IV in Figure 3, 
30 through its end plate 15 and the adjacent part of the 
laminated stack 16. 

As can be seen in Figure 4 , the slot 5 is provided with 
a sealing member 14 sealing around the cables 6 as they 
35 leave the stator. A radial bore 13 is formed in the 
end plate 15 which bore communicates with the channel 



wo 97/45939 



13 



PCT/SE97/00909 



12 and opens into the inwardly directed sheath surface 
17 of the stator. 

Casting compound is injected in fluid or semi-fluid 
5 state through the radial bore 13 and via this out into 
the radial duct 12 . 

The radial duct 12 distributes the casting compound to 
fff:>^ all the cable lead- throughs in the slot and the casting 

10 compound flows axially from the duct 12 in the 
direction of the arrow A along the cables to fill the 
whole axial extension of the slot. The casting 
compound is prevented from leaking out by the sealing 
member 14 and a sealing member arranged similarly in 
15 the end plate at the other end of the stator. When the 
slot is filled with casting compound this is allowed to 
solidify, whereupon gas bubbles are formed giving it 
the desired elasticity. 
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CLAIMS 

1 . A rotating electric machine comprising a stator 

with windings (6) drawn through slots (5) in the stator 
5 (1), characterized in that at least one 
winding (6) comprises an insulation system comprising 
at least two semiconducting layers (32, 34), each 
layer essentially constituting an equipotential 
surface, and also including solid insulation (33) 
10 between these layers (32, 34), and in that the slots 
are at least partially filled with casting compound. 

2. A machine as claimed in claim 1, wherein at 

least one of said layers (32, 34) has substantially the 
15 same coefficient of thearmal expansion as the solid 
insulation (33) . 

3 . A rotating electric machine as claimed in claim 
1 or claim 2, wherein the cable (6) is of a type 

20 comprising a core with a plurality of strand parts 
(31), a semiconducting layer (32) surrounding the core, 
an insulating layer (33) surrounding the inner 
semiconducting layer, and an outer semiconducting layer 
(34) surrounding the insulating layer (33). 

25 

4 . A rotating electric machine as claimed' in any 
of claims 1-3, wherein the cable (6) has a diameter 
within the range of 20-200 mm and a conducting area 
within the range of 40-3000 mm^ . 

30 

5. A rotating electric machine as claimed in any 

of claims 1-4, wherein said casting compound is 
resilient . 
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6. A rotating electric machine as claimed in claim 

5, wherein the casting compound contains gas bubbles in 
order to achieve said resilience. 

5 7. A rotating electric machine as claimed in claim 

6, wherein the gas bubbles constitute 40-70 %, 
preferably 50-60 % of the total volume of the casting 
compound . 

10 8. A rotating electric machine as claimed in any 

of claims 1-7, wherein the casting compound consists of 
a silicon or polyurethane compound, 

9. A rotating electric machine as claimed in any 
15 of claims 1-8, wherein at least at one end surface of 

the stator (1) the slots (5) are provided with sealing 
members (14) . 

10 . A method when manufacturing a rotating electric 
20 machine of the type claimed in claim 1, 

characterized in that the stator is wound 
with high-voltage cable and that thereafter a casting 
compound is inserted into the slots in fluid or semi- 
fluid state. 

25 

11. A method as claimed in claim 10, wherein the 
compound is caused to solidify after it has been 
introduced into the slots. 

30 12 . A method as claimed in 11, wherein the compound 

is caused to solidify while gas bubbles are formed 
therein. 

13. A method as claimed in any of claims 10-12, 

35 wherein sealing members are applied in the slots at 
least at one end surface of the stator. 
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14. A method as claimed in claim 13, wherein the 

sealing members are applied before the stator is wound. 

5 15 . A method as claimed in any of claims 10-14, 

wherein the compound is inserted through at least one 
radial duct arranged close to one wall of each slot and 
communicating with the slot. 

10 16- A method as claimed in claim 15, wherein said 

radial ducts are arranged in an end plate on the 
stator . 

17. A method as claimed in claim 16 or claim 17, 

15 wherein the compound is inserted through a radial 
injection opening into the inwardly directed sheath 
surface of the stator, said opening communicating with 
said duct , 



20 



wo 97/45939 



1/2 



PCT/SE97/00909 




THIS PAGE BUNK (uspto) 



2/2 



PCT/SE97/00909 




THIS PAGE BLANK (uspto) 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 97/00909 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: H02K 3/48. H02K 3/40, H02K 15/08 

According to International Patent Classification (IPC) or to both national classifioaUon and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H02K 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,NO classes as above 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



WPI 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Qtation of docunient, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5036165 Al (R.K, ELTON ET AL.), 30 July 1991 

(30.07.91), column 1, line 16 - line 60; column 2, 
line 26 - line 57, figure 1, abstract 



US 2846599 Al (H.H. MCADAM), 5 August 1958 
(05.08.58), see the whole document 



WO 9201328 Al (ISOVOLTA OSTERREICHISCHE 
ISOLIERSTOFFWERKE AKTIENGESELLSCHAFT) , 
23 January 1992 (23.01,92), page 3, 
line 26 - line 31; page 4, line 6 - line 36; 
page 5, line 1 - line 3, abstract 



1-17 



1-17 



6-7,12 



9,13 



I )([ Further documents are Hstcd in the continuation of Box C. | ){| See patent family annex. 



* Special categories of cited documents: 

*A' document defining the general state of the art whidi is not considered 
to be of particular rdcvance 

crlicr document but published on or after the intemationa] flting date 

^L* document itrhich may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O* document referring to an oral disci asure, use* exhibition or other 
means 

"P" document published prior to the international filing date but later than 
the priority date claimed 



*T* later document published after the international filing date or priority 
date and not in conflict with the application but dted to imderstand 
the principle or theory underlying the invention 

"X' document of particular relevance: the daimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
Step when the document is taken alone 

* Y' document of particular relevance: the daimed invention cannot be 
considered to involve an inventive step when the document is 
combined tvith one or more other sudt documents, such combination 
being obvious to a person skilled in the art 

*&* document member of the same patent family 



Date of the actual completion of the international search 



a October 1997 



Date of mailing of the international search report 

1 3 -10- 1997 



Name and mailing address of tlie ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorized officer 

HAkan Sandh 

Telephone No. + 46 8 782 25 00 



Form PCT/lSA/210 (second sheet) (July 1992) 



LNTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 97/00909 



C (ConUnuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document, viitix indication, where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0571155 Al (MITSUBA ELECTRIC MFG. CO., LTD.), 
24 November 1993 (24.11.93), abstract 



SE 341428 B (GENERAL ELECTRIC COMPANY), 

1 July 1968 (01.07.68), see page 3, paragraph 3 



FR 2708157 Al (VALEO EQUIPEMENTS ELECTRIQUES 

MOTEUR SA), 27 January 1995 (27.01.95), figure 2, 
abstract 



1-2.5 



8 



15-17 



Form PCT/ISA;2I0 (contintiation of second sheet) (July 1992) 





LNTERNATIONAL SEARCH REPORT 




International application No. 






Information on oatcnt family members 




PCT/SE 


97/00909 












01/09/97 






Patent document 


Publication 




Patent family 




• — \ — \ 

P ublicsition 




cited in search report 


date 




member(s) 




date 




us 


5036165 Al 


30/07/91 


US 


5066881 


A 


19/11/91 










US 


5067046 


A 


19/11/91 










CA 


1245270 


A 


22/11/88 










US 


4853565 


A 


01/08/89 




us 


2846599 Al 


05/08/58 

WW/ WW/ 


NONE 








wo 


9201328 Al 


23/01/92 


AT 


110323 


T 


15/09/94 










AT 


395955 


B 


26/04/93 










DE 


59006904 


D 


00/00/00 










EP 


0445254 


A,B 


11/09/91 










SE 


0445254 


T3 












EP 


0466893 


A,B 


22/01/92 










SE 


0466893 


T3 












EP 


0489882 


A,B 


17/06/92 










SE 


0489882 


T3 












ES 


2058934 


T 


01/11/94 










JP 


5501346 


T 


11/03/93 










WO 


9104854 


A 


18/04/91 










WO 


9112133 


A 


22/08/91 










CS 


9000565 


A 


13/08/91 










CZ 


280463 


B 


17/01/96 










DE 


59101315 


D 


00/00/00 










ES 


2055591 


T 


16/08/94 










JP 


5504460 


T 


08/07/93 










AT 


111657 


T 


15/09/94 










CZ 


280517 


B 


14/02/96 










CZ 


9003326 


A 


15/11/95 










DE 


59102934 


D 


00/00/00 










ES 


2060395 


T 


16/11/94 










US 


5341561 


A 


30/08/94 




EP 


0571155 Al 


24/1 1 /Q^ 


CA 


2096500 


A 


19/11/93 










DE 


69304249 D,T 


17/04/97 










JP 


5328681 


A 


10/12/93 










US 


5446324 


A 


29/08/95 




SE 


341428 B 


01/07/68 


DE 


1613116 A 


28/01/71 










GB 


1187803 A 


15/04/70 










US 


3444407 A 


13/05/69 




FR 


2708157 Al 


27/01/95 


NONE 

























Form PCT/ISA/210 (patent family annex) (July 1992) 



THIS PAGE BLANK (uspto) 



